Aim: To investigate general practitioners' (GPs') desire and perceived added value of point-of-care (POC) troponin, its effect on referral decisions, and test requirements. Background: Excluding acute coronary syndrome (ACS) in primary care remains a diagnostic challenges for GPs. Consequently, referral rates of chest pain patients are high, while the incidence of a cardiovascular problem is only 8-15%. Previous studies have shown that GPs are interested in a POC troponin test. This test could enhance rapid exclusion of ACS, thereby preventing unnecessary patient distress, without compromising safety and while reducing costs. However, using this test is not recommended in current guidelines due to uncertainty in the test's potential added value, and the lower sensitivity early after symptom onset as compared with troponin tests in a regular laboratory. Methods: An online survey containing 34 questions was distributed among 837 Dutch GPs in June 2015. Findings: A total of 126 GPs (15.1%) completed at least 75% of the questions. 67.1% of GPs believe that POC troponin tests have moderate to very high added value. Although the availability of a POC test is expected to increase the frequency at which troponin tests are used, it likely decreases (immediate) referral rates. Of the responding GPs, 78.3% only accept 10 min as the maximum test duration, 78.1% think reimbursement of the POC device is required for implementation, and 68.9% consider it necessary that it can be performed with a finger prick blood sample. In conclusion, according to GPs, the POC troponin test can be of added value to exclude ACS early on. Actual test implementation will depend on test characteristics, including test duration, type of blood sample required, and reimbursement of the analyzer.
AMI in general practices (Bruyninckx et al., 2008) , 29% of all patients presenting with chest pain in the GP's office are immediately referred (Okkes et al., 2005) , while the estimated incidence of a cardiovascular problem among those patients is relatively low (8-15%) (Buntinx et al., 2001; Nilsson et al., 2003; Ruigomez et al., 2006; Bosner et al., 2009; Rutten et al., 2012) . This suggests that between six out of seven and 11 out of 12 patients are referred to the hospital without having ACS. Those unnecessary hospital referrals will incur patient distress as well as high healthcare costs. In general, the aging population and the increasing number of patients with multiple (chronic) conditions, have led to an increase in healthcare usage, and consequently to rising healthcare costs (Wiener and Tilly, 2002) . Therefore, GPs are increasingly pressured to play a gatekeeping role in the healthcare system to reduce referrals from primary to secondary care. Because of the high referral rate among chest pain patients, there is large potential for improvement regarding the exclusion of ACS in primary care.
To guide their referral decision, GPs can order a troponin test at a regular laboratory to detect myocardial injury or necrosis (Thygesen et al., 2012; Authors/Task Force Members et al., 2015) . Currently available high-sensitive troponin tests have increased the diagnostic accuracy for AMI as compared with conventional assays, especially in patients presenting early after chest pain onset (Authors/Task Force Members et al., 2015) . Although point-of-care (POC) tests for troponin have become available, the majority of those tests are less sensitive than the currently available laboratory troponin tests. Consequently, POC troponin tests may not be able to detect a small rise in a patient's troponin level very early after the onset of an AMI, indicating that those tests cannot be used for diagnosing AMI with certainty in the early hours after symptom onset (Bruins Slot et al., 2013; Authors/Task Force Members et al., 2015) . Nevertheless, previous research has shown that a POC troponin test might be of added value in excluding ACS in low-risk patients presenting at the GP with a longer duration of symptoms or whose symptoms have already resolved (Tomonaga et al., 2011; Marshall et al., 2014) .
Recently, an international survey study by Howick et al. (2014) found that 66% of GPs in five countries, including the Netherlands, the United States, the United Kingdom, Australia, and Belgium, would like to have access to a POC troponin test (Howick et al., 2014) . However, there may be a mismatch between anticipated benefits (improving general practitioners' (GPs') ability to rule out ACS) and actual test performance. Furthermore, current Dutch guidelines discourage the use of a POC test to rule out ACS in general practices, while international guidelines do not give a recommendation on whether or not to use the POC troponin test in those patients (Dutch College of General Practitioners, 2012; Authors/Task Force Members et al., 2015) . Despite the issues with the limited diagnostic performance of this POC test, more sensitive POC troponin tests are currently being developed (Philips In-vitro Diagnostics, 2016) . As those developments may allow safe use of this test in the nearby future, they might enhance GPs' ability to safely exclude and even diagnose ACS in primary care. However, it is likely that the decision whether or not to implement this test will not solely depend on its diagnostic performance. Therefore, early insights in additional barriers and facilitators regarding implementation of this test, the expected use of this test in clinical practice, as well as the impact on referral decisions, may help both test developers and clinicians in providing safe and efficient healthcare. In turn, this likely facilitates rapid and efficient implementation as soon as those more sensitive tests become available. Therefore, this study aims to investigate a broad range of GPs' preferences and requirements regarding POC troponin testing for patients presenting with chest pain in primary care, as well as its effect on GPs' referral decisions.
Methods
A survey was constructed in LimeSurvey (LimeSurvey Project Team/Schmitz, 2015) to identify GPs' opinions and requirements concerning the use of POC troponin testing in chest pain patients, and the indicated impact on GPs' referral decisions. Qualitative interviews with ten GPs served as input for the design of this survey, by providing insight into the GP's diagnostic process and decision making in patients presenting during consultation hours with chest pain in Dutch primary care. Following this, the survey was tested in a pilot study with four GPs to evaluate feasibility and completeness. The final survey (in Dutch) consisted of 34 questions, divided in five elements.
The first element included seven questions concerning general information about the GPs (eg, age, gender, years of working experience, type of general practice). The second element (seven questions) was about current practice, including the distance to the nearest hospital and coronary intervention center, estimated referral rates of new hypothetical chest pain patients to the hospital, the role of GPs' gut feeling in this decision, the percentage of patients presenting with symptoms for ⩾6 h, and about the different POC tests that are currently available in their general practice. The third element contained seven questions about: the expected added value of the POC troponin test, the frequency at which they estimate to currently order laboratory troponin tests in chest pain patients, the frequency at which they expect to perform POC troponin tests for this purpose, and the aspects favorably affected by implementation of this test. In this question, GPs were asked to choose all applicable answers from a predefined list, based on a study by Cals et al. (2014) which was slightly adapted to the use of a POC troponin test (the aspect 'diagnostic speed' was added, while aspects concerning medication use and therapy compliance were removed) . The fourth element (10 questions) concerned the effect of a POC troponin test on GPs' referral rates using two hypothetical patient cases, which were designed to represent one low and one intermediate risk case of ACS (based on known risk factors but without actual prediction of their ACS risk). For both cases, GPs were given the patient's signs, symptoms, medical history, medication use, and vital functions. For each case, GPs were asked if they would immediately refer this patient to the hospital, refer the patient for an appointment at an outpatient cardiology clinic, not refer the patient (indicating that no action is taken), or decide otherwise (open answer). GPs who decided to refer immediately were asked to additionally consider a negative POC troponin test result, which could have been available for this patient during consultation. They were asked whether this information would make them revise their decision. In contrast, GPs who decided not to refer immediately, were presented with a slightly elevated troponin level and posed the same question. GPs who still decided not to refer immediately were presented with a strongly elevated troponin level and again posed the same question. As cut-off levels for troponin may differ between laboratories, misinterpretation was prevented by mentioning whether the troponin level was either negative, slightly elevated, or strongly elevated. The fifth element contained three questions concerning the maximum acceptable test duration, necessity of reimbursement of the analyzer, and the requirement of performing this test using a finger prick blood sample. The full survey (translated to English) is provided in Additional file 1.
The survey was distributed among 837 Dutch GPs affiliated to one of seven participating GP associations, located in four provinces of the Netherlands (Overijssel, Gelderland, Utrecht, and NoordBrabant). All GPs were invited by email (by A.N., or by the GP association to which they were affiliated) to fill out the survey from Tuesday June 9, 2015 to Wednesday June 24, 2015. After 1 week, a reminder was send out to all non-responders. All responses were processed anonymously.
The representativeness of the responding GPs of the entire population of GPs in the Netherlands was evaluated by comparing the respondents' age and gender to data of GP registrations from the Netherlands Institute for Health Services Research (Nederlands instituut onderzoek van de gezondheidszorg, NIVEL), using the one sample t-test and the nonparametric binomial test (α = 0.05). To investigate whether the added value of the POC troponin test is considered higher when the distance between the nearest hospital or coronary intervention center increased, this relationship was examined using the χ 2 test. A χ 2 test was also performed to investigate whether the indicated importance of GP's gut feeling in making a referral decision, affected the extent to which they changed their initial referral decision following a discordant POC troponin test result. Data were analyzed using R (version 3.2.3). The package mice (version 2.25) was used for multiple imputation of missing data (10 imputation sets) (van Buuren and Groothuis-Oudshoorn, 2011; R Core Team, 2015) . Multiple imputation is known to yield more valid results than complete case analysis (van der Heijden et al., 2006) . To assess the effect of missing values on our results, estimates from complete case analysis and multiple imputation were compared.
Results

Characteristics of responding GPs
In total, 169 GPs (20.2%) participated in the survey. Results of 43 respondents were necessarily excluded because they were either not registered as a GP (n = 6) or because they only started the survey but completed less than 25% of the questions (n = 37). Of the remaining 126 GPs (15.1%), 10 GPs missed one question (7.9%), and one GP missed two questions (0.8%). They needed~15 min to fill out the survey. Given the limited amount of missing values, results from multiple imputation were very similar to the results from complete case analysis (Table 1) . Therefore, only results from multiple imputation are reported.
Of the responding GPs, 80 (63.5%) were male (Table 1), the mean age was 48.4 years (SD = 9.4), the average working experience as GP was 16.2 years (SD = 9.7), and 107 GPs (84.9%) had their own general practice. There was no significant difference in mean age between the responding GPs and the NIVEL database (n = 11,345) (48.4 versus 48.9 years, P = 0.57) (van Hassel et al., 2015) . However, a larger proportion of the responding GPs were male, although not statistically significant (63.5 versus 55.2%, P = 0.07). The distance to the nearest hospital was <20 km for 95.1% of GPs, whereas the distance to the nearest coronary intervention center was <20 km for 64.4% (Table 1) .
Current work-up
GPs indicated that 54.9% (SE = 2.0%) of all patients presenting with chest pain report symptoms for ⩾6 h. Of all patients presenting with chest pain, GPs estimate to refer 26.8% (SE = 2.0%) immediately to the hospital (Figure 1 ). Of those immediate referrals, GPs had strong suspicion in 54.7% (SE = 2.2%), were uncertain about the presence of ACS in 33.0% (SE = 1.6%), while 12.2% (SE = 1.8%) were referred to reassure the patient (no suspicion of ACS) (Figure 1) . A total of 97.6% of GPs indicate that their gut feeling has moderate, high or very high impact on this decision (Table 1) .
GPs' desire to use the POC troponin test and its perceived added value
In all, 67.1% of GPs believe that POC troponin tests have moderate, high or very high added value for diagnosing patients with chest pain in general practice (Table 2) . Only five GPs (4.0%) already had a POC troponin analyzer in their general practice (for details about the availability of POC analyzers in general practices see Additional file 2). Three of those GPs consider this test to have high (n = 1) or very high added value (n = 2) for diagnosing ACS in general practices, while only one considers this test of barely added value. Furthermore, the perceived added value of this POC test (none, barely or moderate added value, as compared with high or very high added value) was significantly higher for GPs whose practices are situated ⩾10 km from the nearest hospital (P = 0.01), as compared with GPs whose practices are situated closer to the hospital. However, this difference was not significant for the distance from the nearest coronary intervention center (P = 0.16). This table shows the characteristics of the participating GPs, the distance from the general practice to the nearest hospital and to the nearest coronary intervention center, as well as the role of GPs' gut feeling in the decision to immediately refer a patient to the hospital.
In general, GPs believe that benefits related to the use of POC troponin tests include: diagnostic certainty (67.5%), time until diagnosis (55.6%), patient safety (42.1%), and reduced healthcare costs (41.3%) ( Table 2) . Purposes for which GPs would use a POC troponin test (top four choices) are: to exclude ACS (76.2%), for reassuring patients (50.0%), to improve their consultation with the cardiologist (43.7%), and to confirm ACS (40.5%) (Additional file 3).
To investigate whether the availability of a POC troponin analyzer will increase the frequency at which troponin tests are performed, Figure 2a shows the estimated frequency at which GPs request laboratory troponin tests at a regular laboratory, while Figure 2b shows the expected frequency of performing a POC troponin test assuming GPs would have access to a POC troponin analyzer in their general practice. A total of 46.3% of GPs estimate to never perform a laboratory troponin test in patients without suspicion of ACS. This probability is expected to decrease to 28.6% in case a POC troponin analyzer is available. Aggregating over the estimated frequencies of troponin use in Figure 2a and 2b, the probability that a troponin test is performed, in patients in whom the GP is uncertain about the presence of ACS, is 55.1% for POC tests, and 30.3% for laboratory tests. In patients strongly suspected of ACS, those probabilities are 26.3 and 4.9%, respectively.
Effect of POC troponin tests on GPs' referral decisions
For the patient case which was designed to represent a patient with a low risk of ACS, the probability of ACS as estimated by the GPs was 11.2% (CI = 9.0-13.5%). For the intermediate risk case this probability was estimated at 31.5% (CI = 27.7-35.3%). In all, 80.2% of GPs estimated a higher probability of ACS in the intermediate risk case as compared with the low risk case. Figure 3 shows to what extent a discordant POC troponin test result is expected to make GPs revise their initial referral decision in both patient cases. In other words, this figure shows to what extent GPs indicated to change their initial referral decision in two hypothetical situations: (1) the GP initially decided to immediately refer the patient to the hospital, but the POC troponin level is then found to be negative, and (2) the GP initially decided not to refer the patient, but the troponin level is then found to be slightly, or even strongly elevated.
For the low and intermediate risk case, respectively 2.4 and 26.2% of GPs stated they would immediately refer the patient. Confronting those GPs with a non-elevated troponin level would make 66.7 and 81.8% to revise their decision in Figure 1 Estimated referral rates. This figure shows the estimated referral rates of patients presenting with chest pain in primary care [26.8% (SE 2.0%)] of all patients presenting with chest pain in primary care who are immediately referred to the hospital. impact) did not affect the probability of changing their immediate referral decision following a discordant POC troponin result (low-risk case: P = 0.56, intermediate risk case: P = 0.86).
Requirements for an unobtrusive use of POC troponin tests
In all, 78.3% of GPs consider 10 min the maximum acceptable duration of the POC troponin Figure 3 Impact of point-of-care (POC) troponin testing on GPs' referral decisions. The estimated probability of acute coronary syndrome (ACS) in the low and intermediate risk case was 11.2 and 31.5%, respectively. To illustrate the flow of GPs through this figure, consider the example of 97.6% of all GPs who decide not to refer the low risk patient case based on a patient's signs, symptoms, medical history, medication use, and vital functions. The table that is presented describes the action taken (in %) of those GPs who decided not to refer this patient. Next, all GPs who decided not to immediately refer were asked to additionally consider a slightly elevated POC troponin level, which could have been available for this patient during consultation. Based on this additional information, they were again asked if they would refer this patient immediately. In the low risk case, 47.9% of those GPs still decide not to refer this patient. When those remaining GPs were asked to consider a strongly elevated troponin level in this patient, which could have been available during consultation, 70.7% of those GPs indicate to immediately refer this low risk patient, while 29.3% still indicates not to refer this patient. ACS = acute coronary syndrome, prob. = probability.
test, and only 4.8% find 20 min or longer acceptable. Also, 78.1% state that reimbursement of the POC device is necessary, while 68.9% demands the test can be performed with a finger prick instead of a venous blood sample.
Discussion and conclusion
GPs have a gatekeeping role in the healthcare system. Using diagnostic tests in primary care may improve GPs' ability to decide which patients to refer to secondary care, thereby improving quality of care provided, and preventing unnecessary costs and burden to patients. In particular, the availability of POC troponin tests may enhance GPs' ability to rule out ACS. The current study provides new insights into the potential impact of this test, as well as in factors that facilitate and impede implementation. Instead of focusing on test developers or policy makers in healthcare, our study explored the utility of troponin testing, and assessed how their referral behavior may change when POC troponin tests are implemented. Such information is required to understand and improve quality of care in primary care.
Impact on referral decisions
GPs have indicated that POC troponin results will change some of their referral decisions, indicating the tests' diagnostic utility. However, as the same two cases were presented to all GPs, the actual change may, of course, be different when other cases would be used. Also, GPs were provided with the POC troponin test result after making their initial referral decision, and this stepwise provision of information may have overemphasized the test result, and may thereby have artificially increased the impact of this test. However, as current POC troponin tests take ⩾10 min, it is likely that GPs already made an initial referral decision before having the test result available. As literature indicates that clinicians tend to cling to their initial diagnosis even when contradictory evidence becomes available (Rajkomar and Dhaliwal, 2011) , it is unlikely that our approach led to a substantial overestimation of the potential effect of POC troponin testing in primary care.
Although GPs prefer a very sensitive POC test allowing rapid and accurate detection of ACS, the high-sensitive troponin tests currently used in laboratories increase the frequency at which slightly elevated troponin levels are encountered in patients who do not have an AMI (Thygesen et al., 2012) . As our study indicates that a slightly elevated troponin may increase immediate referrals and consultations with cardiologists, this high-sensitivity may also increase healthcare costs.
As, according to the responding GPs, 54.9% of patients have ⩾6 h complaints, the issue of the relatively low sensitivity of POC troponin very early after symptom onset will not apply to those patients. In addition, although this test is unlikely to be performed in patients with a high suspicion of ACS, GPs estimate that they only have a high suspicion in about half of the 26.8% of immediately referred patients. Thus, the POC troponin test might be of added value in a relatively large proportion of patients. In addition, as the referral decision after the POC troponin test was found to be independent from the estimated effect of gut feeling by GPs, POC troponin tests may improve GPs' ability to rule out ACS and thereby prevent referrals. Although this will decrease healthcare costs, the availability of a POC test might increase the frequency at which a patient's troponin level is measured, which is most likely explained by the shorter turn-around-time as compared with the laboratory test.
Strengths and limitations
A limitation of the current approach involves the risk of recall bias, as GPs are asked to make estimations concerning referral rates of chest pain patients and about the frequency with which they request laboratory troponin tests. Depending on the number of patients presenting with chest pain in the GP's office each month, which likely ranges from 2 to 4, a recall period of 3 months would mean that GP's estimates are based on 6-12 patients. Given the relatively large number of respondents in the current study, and the absence of reasons why GPs would systematically underestimate or overestimate these numbers, it is likely that our overall results are realistic and robust. Although it might have been possible to additionally use primary care databases to gather more detailed information on current management of chest pain patients, such databases cannot provide insights in the potential use of POC troponin tests. Finally, more accurate data might also be obtained by performing a pragmatic trial. However, such a trial will be costly and time-consuming, and the chosen approach already allows deriving valuable estimates of intended POC troponin at low cost and in a short time period.
Although the number of respondents was relatively large (126 responses that could be included in the final analysis), the low response rate of 15.1% represents a limitation to our study. However, this issue of low response rates among GPs has been reported previously (Parkinson et al., 2015) . To investigate the impact of this low response rate, results from our survey have been compared with the results of another recent Dutch survey study concerning POC tests in primary care . Results indicate that the availability of POC tests in Dutch general practices was very similar (Additional file 2). Compared to this previous study, only the availability of POC C-reactive protein (CRP) tests and glycated hemoglobin (HbA 1c ) tests increased strongly, which can be explained by the increase in scientific evidence that has become available and the inclusion of the CRP POC test in the guideline 'Acute Cough' of the Dutch College of General Practitioners (Cals et al., 2009; Lenters-Westra and Slingerland, 2014; Verheij et al., 2011) . In addition, we found that 67.1% of GPs perceive moderate to very high added value of POC troponin tests, whereas 65% of the GPs previously expressed their desire to use this test . These similar results were found despite the possible overrepresentation of GPs located in more rural areas in the Netherlands. Also, although the distance between general practices and hospitals, even in rural areas, is relatively low in the Netherlands as compared with other countries, the relation found between the perceived added value of the POC troponin test and the distance of the general practice from a hospital does corroborate previous findings in other countries (Howick et al., 2014) . Consequently, the overall perceived added value of the POC troponin test by GPs across the Netherlands might be somewhat lower than reported here.
Previous research has shown that GPs in different countries unanimously expressed the desire to have this test available in their office (Howick et al., 2014) . In addition, as issues of the aging population and the increased demand of healthcare usage are applicable to all (developed) countries, the results from this study performed in the Netherlands are expected to be generalizable to other countries.
Recommendations
As most currently available POC troponin tests do not yet meet GPs' requirements (Bingisser et al., 2012) , designing a test that is fast and only requires a finger prick will be paramount to the implementation of POC troponin testing in Dutch primary care. Besides, reimbursement is considered crucial. Therefore, a few recommendations to enhance (efficient) implementation and use of POC troponin testing can be given. First, as the current study investigated the impact of only a few POC troponin levels on GPs' referral decisions, it is recommended to investigate this impact for multiple different troponin levels. Second, the two cases used in this study both concerned patients aged below 65 years. However, as previous research states that the use of different decision limits for high-sensitive troponin should be considered in elderly patients (Andersson et al., 2015) , GPs' referral decisions may also be dependent upon the patient's age. Third, the prognostic value of slightly elevated troponin levels from increasingly sensitive tests to guide therapy may be investigated (Sherwood and Kristin Newby, 2014) . Fourth, as research has shown that POC troponin tests may often be performed without prior ischemia assessment by the clinician (Ahmad et al., 2015) , the introduction of (adapted) decision rules in primary care, like the MACS or HEART score developed for emergency care, might improve the correct triaging of chest pain patients and identify those that benefit most from additional POC troponin testing (Backus et al., 2013; Body et al., 2014) .
Although the consideration to use POC troponin has to be made by each GP individually, this study gives insights in the barriers and facilitators regarding this implementation decision, and shows the expected impact when this test would be available in clinical practice. The findings presented in this study are thus not only relevant for GPs, but also for policy makers, as well as for developers of POC testing technology. In addition, previous research has indicated that a POC troponin test may be cost saving (by reducing emergency hospital referrals), although this may come at the expense of missed cases of ACS (Nilsson et al., 2013; . However, despite those valuable insights, those studies were limited by a non-randomized design and a small number of AMI patients. Further research is therefore recommended to synthesize evidence on the frequency of POC troponin testing, the impact on (correct and incorrect) referral decisions, test costs, and the benefits from rapid and adequate treatment in a formal cost-effectiveness analysis.
In conclusion, although the findings of the current study indicate that the POC troponin test may be of added value for excluding ACS in patients considered at low or intermediate risk, as well as to reassure patients, improvements in its diagnostic performance are still needed to ensure their implementation. Despite the fact that most of the currently available POC troponin tests do not yet meet the GPs' requirements, ongoing developments are likely to increase the test's expected benefits. The insight obtained from this study can be used to guide further development, as well as to facilitate implementation of the POC troponin test in clinical practice.
